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The commercial production of grapefruit (Citrus grandis Osbeck) 
in California began about 1890. Previous to this time, bearing 
grapefruit trees of many varieties were to be found in some citrus 
orchards, but the crops from these trees were largely used for home 
consumption or were sold in local markets. Most of the early 
plantings were of Florida-grown trees and of varieties many of which 
proved to be undesirable for California conditions.. The fruits usu- 
ally contained a large number of seeds and were inferior in size, shape, 
texture, flavor, or other important commercial characteristics. 
ofthe United States Department of Agriculture. The two previous reports were presented in Department 


Bulletins Nos. 623 and 624, treating of the work with the Washington Navel orange and the Valencia 
orange, respectively. 
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Consequently, the reputation of California grapefruit in many 
important markets was below that of fruit from other grapefruit- 
growing regions, and the culture of this fruit in the State was found 
to be unprofitable in most instances. 

One of the varieties introduced into California from Florida about 
1890 was later known as the Marsh, or, as it has been more commonly 
called, the Marsh Seedless. The trees of this variety were found to 
produce superior fruits, particularly from the standpoint of commer- 
cial quality, including the characteristics of a flattened, desirable 
shape, smooth texture and fine color of rind, few or no seeds, abun- 
dance of juice, tender and palatable rag, and a highly developed 
erapetruit flavor. 

The former lack of commercial success of the California grapefruit 
industry, due to the planting of varieties not suitable for California con- 
ditions, discouraged extensive plantings of this fruit for many years. 
The success of the Marsh variety, not only in western but in some 
eastern markets as well, has led to a recent reawakening of interest 
in the production of this fruit in California and to extensive commer- 
cial plantings in several districts. The fruits of the Marsh variety 
ripen during the late spring and summer months in California. 
The Florida grapefruit crop is largely marketed during the late fall, 
winter, and early spring months, so that the California-grown Marsh 
grapefruit crop can be sold in eastern markets at a time when it does 
not compete with the Florida crop or the crops of other important 
grapefruit-growing regions. In addition to the eastern, there are 
several important California markets which must be supplied with 
California-grown grapefruit on account of a rigid quarantine against 
all grapefruit from other districts. This quarantine has been estab- 
lished by reason of the danger of the introduction of serious citrus 
pests and diseases into the orchards of that State. 

The Thirteenth Census gives the production of California grape- 
fruit in 1909 as 122,515 boxes. The production of other important 
California citrus fruits that year was 14,436,180 boxes of oranges, 
2,756,221 boxes of lemons, 3,581 boxes of tangerines, and 555 boxes 
of mandarins. 

The plantings of grapefruit trees in California in 1910 were shown 
by the Thirteenth Census to total 43,424 bearing trees. Figured at 
the rate of 90 trees to the acre, these trees were planted on about 
A82 acres. At the same time it was found that there were 25,589 
trees not in bearing, which, at the rate of planting mentioned above, 
would amount to 284 acres of nonbearing trees. 

The plantings in 1915, as shown by figures compiled by the Cali- 
fornia Fruit Growers’ Exchange,! consisted of 56,224 trees, or about 
‘625 acres in bearing, and 203,580 trees, or about 2,262 acres, not in 


1 Letter from F. O. Wallschlaeger, Los Angeles, Cal., June 7, 1916. 
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bearing. The past season several additional large plantings of the 
Marsh variety have been made, particularly in the Imperial and 
Coachella Valleys in southern California, and many smaller plantings 
have been made in other citrus districts of the State. 

While the grapefruit crop of California at present is of relatively 
small commercial importance as compared with the orange or lemon 
crops, it seems likely that in the next few years it will become a 
more important factor in the citrus industry of the State. Many of 
the growers, with this viewpoint, have organized the California 
Grapefruit Club, for the special purpose of cooperating in extending 
the market for this fruit, in order to take care of the greatly enlarged 
production now in prospect. One of the most important means for 
increasing the consumption of this fruit is through the improvement 
of the crop by discarding all inferior varieties, standardizing the 
Marsh variety by the elimination of all trees of inferior and poor 
strains,’ and the growing of only the best strain, propagated from the 
most productive and valuable trees, selected on the basis of their 
performance records. 

The California Grapefruit Club took official action to this end 
during the season of 1916. It began a tree-census record of all of 
the grapefruit orchards belonging to the members of the club, securing 
accurate data upon the number of trees of each variety and each 
strain in every orchard. The members of the club agreed to top- 
work the trees of all varieties other than the Marsh, and the trees of 
_all.strains other than the Marsh,? or most desirable, strain. The 
top-worked trees for the most part have been rebudded with buds 
secured from superior select trees of the Marsh strain, or, in a few 
cases, with buds from trees of other varieties of citrus fruits. Most 
of this work has already been accomplished, and it was expected 
that it would be completed during the season of 1917. 

In March, 1917, the California Fruit Growers’ Exchange, through 
its field department, undertook similar work for its members with 
the standard orange and lemon varieties. Individual-tree perform- 
ance records are being kept in several very productive groves, for the 
purpose of locating desirable trees as reliable sources of bud wood 
for use in top-working or for the propagation of young trees. This 
action was taken because the commercial nurserymen were able to 
supply only a very small part of the bud wood or nursery trees of 
this character demanded by the citrus growers. 

These actions are interesting examples of the utilization of the results 
of scientific research in agriculture by large commercial organizations. 

1 The term ‘‘strain”’ is here used to designate a group of individuals of a horticultural variety which 
differ from all other individuals of the variety in one or more constant and recognizable characteristics 
capable of perpetuation through vegetative propagation. 


2 The name Marsh has been applied to the best strain of the variety, because, as nearly as can be deter- 
znined, it is similar in character of tree and fruit to the original Marsh introduction. 
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The Marsh variety of grapefruit was introduced by Mr. C. M. 
Marsh, at Lakeland, Fla.1_ The original tree was one of a grove of 
large seedling grapefruit trees near the city of Lakeland owned by 
Mr. Marsh. 

In 1895 this tree was killed to the ground during the freeze of that 
year, at which time it was 50 or 60 years old. Previous to the freeze, 
Mr. Marsh had begun to propagate from this tree, on account of the 
superior qualities of its fruits, which were commercially seedless,’ 
usually producing only three to five seeds. At the time of the freeze 
he had some 50,000 or 60,000 nursery trees budded from the parent 
tree and its progeny, but these trees were killed by the freeze. For- 
tunately, before the freeze, Mr. Marsh had collected and stored in 
his packing house about 70,000 buds for spring budding. After the 
freeze, all available stocks were budded with these stored buds, and 
from this propagation about 10,000 young trees were secured. The 
distribution of these trees and buds cut from them marked the intro- — 
duction of this variety in Florida. It was about this time that the 
name Marsh Seedless was given to the variety by the originator. 
Later, the American Pomological Society adopted the name Marsh, 
instead of Marsh Seedless, for this variety. 

The first introduction of the Marsh variety into California was 
probably accomplished by the nursery firm of Twogood & Cutter, at 
Riverside. In a letter * from J. E. Cutter the following account of 
this introduction is given: 

In 1890, Dr. N. A. Claflin, later horticultural commissioner of Riverside County, 
went to Florida as agent to ship stock for the nursery trade of Twogood & Cutter. 
Returning, he brought a small bundle of seedless grapefruit trees, obtained at Lake- 
land or vicinity. He did not report the name ‘‘ Marsh Seedless,’’ but the Marsh is 
understood to have originated at that place, and there can be no reasonable doubt 
that they were such. I do not know of any other strain. One of these trees was 
planted by myself in my (present) home grounds, where it still stands. So far as I 
know and believe, it was the first ‘“‘seedless” to bear fruit in this State, but doubtless 
others also obtained the variety from Florida. 

The tree planted by Mr. Cutter in his home grounds is shown in 
Plate I. It is the true Marsh variety beyond question. 

Many of the Marsh grapefruit orchards in California were planted 
with trees which were propagated by Twogood & Cutter or other 
California nurserymen from the Claflin introduction. A few orchards 
were planted with Florida-grown trees or from later introductions 
of Marsh bud wood from Florida. 


1 Personal statement of Mr. Marsh, Jacksonville, Fla., May, 1916. 

2 The presence of not over 12 seeds per fruit is considered by the California Grapefruit Club as permissible 
in fruits designated as commercially seedless. 

3 Letter from Mr. Cutter, Riverside, Cal., June 13, 1916. 
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Hume states! that under Florida conditions, the fruit of the Marsh 
variety ‘‘has not the distinct, pronounced flavor of the typical fruit, 
but the quality is good, and the fact that it is so nearly seedless is 
a very desirable feature.’”’ The effect of climatic and, perhaps, 
other conditions in California has been such as to produce in the 
fruits of this variety the highly developed grapefruit flavor desired. 

A similar illustration of the effect of climatic and other conditions 
on the quality of citrus fruits is found in the behavior of the Wash- 
ington Navel orange. In the tropical region at Bahia, Brazil, these 
oranges lack the highly developed flavor which the fruits of this 
variety possess when grown in California. 

In California the trees of the Marsh grapefruit normally bloom in 
March, and the fruits from this bloom ripen from May to September 
of the following year. Owing to this condition, the trees frequently 
support two crops, both young and nearly mature fruits, at the same 
time during the spring. and summer months. 

The trees of this variety in California are usually more productive 
than the trees of the Valencia or Washington Navel orange varieties 
under the conditions of soil and climate best suited to the develop- 
ment of the finest quality of grapefruit; i. e., a fertile, coarse or sandy 
loam soil, and the same climatic conditions which are most favorable 
for the production of the highest flavor and quality in the Washington 
Navel orange. 

VARIABILITY WITHIN THE VARIETY. 


Bud variation in trees of the Marsh variety of grapefruit occurs with 
about the same degree of frequency as is the case with the Washington 
Navel orange and other varieties of citrus fruits which have been 
studied in the course of the investigations for the improvement of 
citrus fruits through bud selection. The variation of the fruits is of the 
most importance from the commercial standpoit, and for this reason 
this phase of the problem has been given most study. Variations of 
the habit of growth of the trees, foliage, and flower characteristics are 
probably of as frequent occurrence as those of fruit variations, but on 
account of the smaller commercial importance of these characteristics 
they have been given comparatively little attention up to the present 
time in these investigations. No doubt there are well-defined correla- 
tions of fruit, foliage, and flower characters, and when these correla- 
tions have been fully worked out they may be of importance in de- 
termining the character of the trees and their value for fruit pro- 
duction. 

One of the most valuable groves of the Marsh variety of grapefruit 
in California at the present time was planted near Riverside in 1898. 


A preliminary individual-tree census study of this grove made by the 


1 Hume, H. H. Citrus Fruits and Their Culture, ed. 5, p. 120. New York, 1913. 
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senior writer in 1909 revealed the fact that there existed in the grove 
a striking diversity in the characteristics of the trees. Out of a total 
of about 500 trees, 123, or nearly 25 per cent, produced fruits having 
from 30 to 90 seeds in each fruit. The trees bearing these very seedy 
fruits were found to have a characteristic drooping habit of growth, 
from which it soon became possible to identify them wherever they 
occurred in the grove. The fruit from this grove had been guaranteed 
by the owner to be commercially seedless, and the occurrence of the 
seedy fruits in the crops, when noticed by the buyers, led to a con- 
siderable depreciation in their value on the markets. Upon the dis- 
covery that the seedy fruits were borne only by trees of a certain 
character, these fruits were eliminated, except those occurring as 
individual fruit and limb variations, by top-working the trees which 
produced them, using for this purpose buds selected from trees of the 
true Marsh strain, which is commercially seedless. One of the trees 
of the Marsh strain in this grove is shown in Plate II and one of the 
trees of the Rough Seedy strain in Plate III. 

An interesting characteristic of the production from individual trees 
was revealed by the tree-census studies in the Marsh grove first studied. 
Some of the trees bore very heavy crops, while others, very similar in 
general appearance to the productive trees, bore only a few fruits. 
Further observation of this condition during the following years re- 
vealed the fact that some of the trees possessed the habit of bearing 
heavy crops one season and light ones the next. The trees having 
this habit have been called alternate bearers, from the fact that they 
usually bear full crops only every other year. 

Another strain of trees was found in this grove bearing fruits having 
a modified pyriform, or bell-like, shape in contrast with the flattened, 
or oblate, shape of typical fruits of the Marsh strain. These trees 
have been called the Bell strain on account of the shape of their fruits. 
This shape, from the market standpoint, is not so desirable as the 
flattened one of the Marsh strain, and the fruits are likely to be later 
in ripening than those of other strains. 

The fruits borne by the trees of the Marsh strain have a compara- 
tively thin rind of very smooth texture and waxy-white appearance. 
Some of the trees in the performance-record plat were found to produce 
fruits having very thick rinds with a rough or coarse texture and yel- 
lowish color. The fruits of this Rough strain, as a rule, have a shape 
more nearly round or globular than those of the Marsh strain, while 
the flesh, juice, and other characteristics are somewhat similar to 
those of that strain. 

Individual-tree census observations made in other groves located 
in various citrus districts of southern California have brought out 
clearly the fact that the trees in these orchards vary in about the same 
manner as those in the grove described above. More than 25 per cent 
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of the trees in the bearing orchards under observation are of strains 
that are inferior to the Marsh or best strain. 

Among the variable fruits occurring in trees of the Marsh strain 
are those of the Corrugated, Seedy, Bell, and Rough strains, those 
having raised or sunken sections or both, navel fruits, and those 
showing parts typical of two or more of the strains. Fruits of the 
Corrugated strain are usually large, pyriform in shape, with thick, 
deeply creased rinds, and they are generaily of inferjor flavor and 
have little juice. Fruits of the Seedy strain are frequently very 
similar in appearance and other characteristics to fruits of the Marsh 
strain except that instead of a few or no seeds, they contain from 
25 to 100 seeds each. Fruits of the Bell strain frequently have 
smooth rinds, and those of the Rough strain have the white color 
of the fruits of the Marsh strain. These fruit variations have been 
found to occur in trees of the Marsh strain either as single fruits or as 
limbs bearing several fruits. 

In addition to the fruit variations listed above, absolutely seedless 
fruits and limbs bearing seedless fruits have been found in trees of 
the Marsh strain. In the studies made up to the present time, no 
instances have been found in which all of the fruits on a tree were 
absolutely seedless. 

Fruits setting out of the normal blooming period often have pyri- 
form or irregular shapes, which are undesirable from the market 
standpoint. These fruits usually have very thick rinds, a coarse and 
bitter rag, and lack the distinctive grapefruit flavor of the normal 
fruits borne by the same trees. No logical reason has been presented 
to account for the characteristics of these peculiar so-called ‘‘off- 
bloom” fruits. Some trees bear more of them than others under 
apparently similar conditions. 

All of the strains of grapefruit described in this bulletin have been 
found as individual fruit ‘or limb variations in trees of the Marsh 


strain. Fruits of the Marsh and other strains have been found occur-. 


ring as single fruit or limb variations in trees of the Seedy, Alternate- 
Bearing, Bell, and Rough strains. 

Many minor variations in grapefruits have been found in the course 
of these investigations. Their significance is not fully understood as 
yet, and for this reason no discussion of these variations will be 
offered at this time. 

The presence in established orchards of trees of the several strains 
discovered in the performance-record plats shows the importance of 
this work. These various strains of the Marsh grapefruit have orig- 
inated in all probability from bud variations, and there is little doubt 
that the diversity in the trees in existing grapefruit orchards is the 
result of the unintentional propagation of bud variations due to the 
prevailing haphazard methods of gathering bud wood. The com- 
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mercial inferiority of the product from such trees constitutes one of 
the important reasons for the systematic selection of bud wood from 
trees of the right character. | 

The diversity of strains of the Marsh variety represented in estab- 
lished groves is of great commercial importance to the grapefruit _ 
industry, for the reputation and value of the crop depends on the ~ 
maintenance of a uniform quality. For this reason, the identification 
of the Marsh strain, which is the most productive and valuable strain 
of the variety, and the maintenance of the purity of the strain by 
bud selection are of fundamental importance in the development of 
the industry. This does not entail any increase in the cost of pro- 
ducing, handling, or distributing the crop. On the contrary, from 
the standpoint of cost of production based on the unit cost per box, the 
production of the best strains can be effected more cheaply than is 
the case when inferior and less productive strains are present. 

Fruits containing many seeds, such as those of the Seedy strain, are 
of much less value than those which are commercially seedless. On 
account of the fact that some of the seedy fruits can not be readily 
separated after picking from those of the Marsh or other strains, the 
presence of trees of this strain in established groves is detrimental to 
the reputation and value of the crop as a whole. 

The late-ripening characteristic of fruits of the Bell strain is also 
detrimental to the effort to build up a superior commercial reputation 
for this variety. The fruits of this strain are difficult to eliminate from 
the general pick and pack of the groves. Because of their unripe con- 
dition, if included with fruits of the Marsh strain they tend to detract 
from the quality of the whole package and to injure the reputation of 
the variety. ; 

OBJECTS OF THE INVESTIGATIONS. 


The objects of these investigations are (1) to determine the fre- 
quency of occurrence and the nature of bud variations in the Marsh 
variety of grapefruit, (2) to secure definite information concerning the 
commercial value of the different strains of this variety by means of 
individual-tree performance records, (3) to originate and introduce 
methods for isolating the best strains and controlling variation within . 
them through bud selection based on tree-performance records and 
definite tree knowledge, (4) to eliminate the trees of inferior strains 
in established orchards by top-working them with select buds, and (5) 
to demonstrate the value and importance of the use of improved 
methods of propagation based on definite individual-tree knowledge 
for the improvement of the production of established orchards and 
for the conservation and improvement of the variety. 


PLATE I. 
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THE FiRST MARSH GRAPEFRUIT TREE PLANTED IN CALIFORNIA, AT RIVERSIDE, 


ABOUT 1890, FROM WHICH MOST OF THE ORCHARDS IN CALIFORNIA HAVE BEEN 
PROPAGATED. 


PLATE II. 
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A TYPICAL TREE OF THE MARSH STRAIN OF THE MARSH GRAPEFRUIT, SHOWING 


ITS HABIT OF GROWTH AND FOLIAGE CHARACTERISTICS. 
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A TYPICAL TREE OF THE ROUGH SEEDY STRAIN OF THE MARSH GRAPEFRUIT, SHOWING 
ITS PECULIAR DWARFED AND DROOPING HABIT OF GROWTH: 


PLATE IV. 
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PLAN OF THE INVESTIGATIONS. 


The selection of groves of Marsh grapefruit in which to conduct 
the work of these investigations was made by the senior writer in 
1909, following a preliminary survey of the leading districts in which 
the grapefruit was then grown in California. The conditions con- 
sidered most desirable in the preliminary study of these groves 
included (1) the successful and profitable production of fruit; (2) 
uniformity of soil and cultural conditions in the groves; (8) protection 
from tree injuries due to extreme climatic conditions, insect enemies, 
and fungous diseases; (4) definite knowledge of the source of buds and 
stocks from which the trees were grown; (5) plantings on virgin land; 
(6) reasonable assurance of several years of uninterrupted observa- 


tions under the same orchard management; (7) the use of little or no. 


manures or fertilizers and the absence of radical tree or cultural 
treatments; and (8) locations where the results of the investigations 
would be of the most service and value to the industry. 

The performance-record plats finally selected for systematic obser- 
vations were located in groves where the work of these investigations 
could: be carried on with the leas? possible danger of interruption and 
where the conditions were as nearly as possible identical with those 
mentioned above. The trees studied in these investigations have all 
been grown on sweet-orange stocks, and the history of the buds used 
in their propagation is known. 

In one performance-record plat, 25 trees were originally selected 
in one block for individual-tree study, and later another tree was 
added to this number. In the second performance-record plat, 52 
trees in one block were originally selected for study, to which number 
26 select trees have been added during subsequent seasons. Indi- 
vidual-tree records for six consecutive years have been obtained from 
the 25 trees in the first plat and from the 52 trees in the other plat. 
Most of the information presented in this bulletin was obtained from 


a study of the performance records of these 77 trees first selected 


for this work. 

As a result of the performance-record work discussed in this bulletin, 
progeny tests of select trees and bud variations have been begun both 
by top-working bearing trees and with nursery stocks. Some of the 
results thus far obtained from these propagations will be discussed 
briefly at this time, but the complete description of such work will be 
left for publication in later reports. 


METHODS OF KEEPING PERFORMANCE RECORDS. | 


The methods used in keeping the individual-tree performance 
records are fully described in Farmers’ Bulletin 794 of the United 
States Department of Agriculture, entitled “Citrus-Fruit Improve- 
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ment: How to Secure and Use Tree-Performance Records.”’ In order 
to make the present discussion complete, the following brief résumé 
of the methods used for obtaining the grapefruit performance-record 
data is here given. 

TREE NUMBERS. 

The performance-record trees have been given individual-tree 
numbers, consisting of the number of the block, the number of the 
row, and the position of the tree in the row, counting always from 
some fixed point, as, for example, the irrigation head. This number 
is painted on the tree trunks, always in the same relative position, 
with white-lead paint. The figures are made large and plain and 
are so placed as to be easily legible and accessible. 


PICKING. 


The trees are picked by trained pickers from the regular crews 
employed on the properties where the plats are located. Usually 
the same men have picked the performance-record plats every 
season. In this work all of the fruits of each tree have been picked 
at one time. Owing to the fact that the eastern market season for 
California grapefruit is best in midsummer, a condition which has 
been recognized fully only recently by the California growers, the 
time of picking the performance-record plats has been postponed 
each year, until at the present time it begins during the latter part 
of June. 

The fruits from the trees in the performance-record plats are, of 
necessity, handled more often than is ordinarily the case. For this 
reason, especial care has been used in handling, in order to avoid so 
far as possible all mechanical injuries to the fruits. After the per- 
formance-record observations have been completed, the crop of each 
tree, except such samples as may be required for further study, is 
included in the general field crop and sent to the packing house. 


ASSORTING. 


The fruits from the individual trees are assorted into three grades, 
viz, lvory-White, Standard, and Cull. The Ivory-White or commercial 
grade corresponds to a first and the Standard to a second grade. 
The Ivory-White grade includes all of the-most valuable commercia! 
fruits; the Standard, all of the blemished fruits, or those having poor 
color, shape, or other inferior commercial characteristics, but suitable 
for shipment to market; and the Cull grade, those fruits which for any 
reason are not worthy of packing for the market. 

The work of assorting grapefruits according to size and grade has, 
of necessity, been done by hand, as shown in Plate IV. No machines 
such as are used with other citrus fruits are available for sizmg Marsh 
grapefruits satisfactorily for these investigations. In the perform- 
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ance-record work the fruits are first assorted into the usual com- 
mercial sizes, viz, 112 and smaller, 96, 80, 64, 48, 32, and 24 and 
larger, indicating the number of fruits per packed box. This work 
is done by the aid of rings, so that the assortment will be uniform 
for all trees. In commercial practice the sizing is largely done with- 
out the use of rings. After the fruits have been assorted according 
to size, each lot is assorted according to grade. 


RECORDING. 


The fruits of each grade of each size are counted and weighed, and 
the results entered on the performance-record blank, as shown in 
Table I, embodying the data from a productive tree of the Marsh 
strain of Marsh grapefruit in investigational plat A of the Dixon 
‘orove (planted in 1898), grown by L. V. W. Brown at Highgrove, 
Cal. At the time of entering the record one fruit of each grade of 
three sizes, viz, large, medium, and small, is laid aside for examina- 
tion as to the number and characteristics of the seeds. Any variable 
or other unusual fruits are also taken out at this time for further 
detailed study and classification. The detailed performance record 
of each tree is copied from the field form on an annual form similar 
to that shown in the upper part of Tables I and II, and the summary 
record from the annual form is in turn entered on a period form, as 
shown in the lower part of Tables I and II. 

TaBLE ].—Performance record of Marsh grapefruit tree No. 1-14-30, Productive Marsh 
strain.! showing the weight and number of fruits of each size and grade, seeds counted, 


and sports noted in detail for the season of 1912 and summarized for the 6-year period, 
1910 to 1915, inclusive. 


[The summarized 6-year record illustrates the method of assembling the data of successive seasons for 
careful comparison and study. In practice, the variable fruits produced by the tree each season are 
listed on the back of the form. The weights are given in pounds and ounces, except that the 6-year 
totals and the averages are expressed decimally in pounds. This tree is listed in rank 1 of Table III.] 


DETAILED RECORD FOR THE SEASON OF 1912. 


Fruits. Seeds.2 
mSieoeon tits. eee ee Standard grade.| Cull grade. Total. 
Ivory- | Stand- 
White! ard 
P Num- : Num- : Num- 2 Num- | fade. | grade 
Weight. | “por. | Weight.| er. | Weight.| “por, | Weight. | “por 
Lbs. oz Lbs. 02. Lbs. 0z Lbs. 02. 3 
112and smaller......| 48-13 Ae i COO Fl | filth lk ee Wee ee 118-6 | 185 1 { 
Op espyi tas dani: ee 36-10 49 | 28-10 CY Pl Meapine eleeabe | one 65- 4 86. lhos ce 
CINE ea Lo eae Ce ee 56-14 71 | 42-4 URAC se Laie GoLho | T1998 5 a omens 
GAR een iw ag Ga505 71.| 27-15 Ba rieep celle A | ae gi-4| 102 0 { : 
BSW tea te ete 6l- 7 GE ORES D5 1 CELL ASE 85-10 eles i es 
Soi MN es a 37- 0 36 & 7 i (ae eam 45-7 440), AAO arc 
24 and larger........ 65-12 RR ey Rind es 0d etal 77-3 65 0 { 4 
Mintle le SGGUIs MMA GN ate g |) O73 Ino. ke lon 582-4 | 692 1 13 
PSPS Va Tay el age ne GS 8 0 19 | 590-4] TIL 14 


1 NotEs.—Date: May 6, 1912. Fine large Marsh tree. Sports: Ridged, 2. 


2 Seeds of cull fruits not counted. 
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TasLE I.—Performance record of Marsh grapefruit tree No. 1-14-30, etc.—Continued. 


SUMMARIZED RECORD FOR Srx SEASONS. 


Grades and sizes. 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | Total. oe 
Weight of fruits: Lbs. 0z.| Lbs. oz.| Lbs. o0z.| Lbs. oz.| Lbs. oz.| Lbs. o0z.| Lbs. oz. 
IkhVvoOny=Winiteeradeeses-eesaeenee 187- 9 | 109- 9 | 369-13 | 149-12 | 240-12 | 292-11 |1,350- 2 225.0 
Standardierade-aaseeeeess eee eee 304— 7 | 532-11 | 212— 7 | 238- 7 | 218-12 | 192- 3 |1, 698-15 283.2 
Culleradewy sess see nes 0- 0 0O- 0a & 0 72-3 18-0]; 21-4 119- 7 29.9 
Grandetoaleesneeree teeter eee 492— 0 | 642- 4 | 590- 4 | 460- 6 | 477— 8 | 506— 2 |3,168- 8 528. 1 
Sizes— 
iiOandismoallerse: essere see 47-15 | 394- 0 | 118- 6 | 241-1] 77- 8 | 152-13 |1, 031-11 171.9 
OG dans a ae a eee eens Baya 18- 8] 56-9 65- 4 66- 9 83- 8 | 67-2] 357-8 59.6 
SOs eo alae Bera s re raees ect 53-12 65-11 99- 2 36- 6 66-15 91- 6 413- 4 68.9 
G4 od Be bee wae en 70- 9 o6- 4 91- 4 17- 9 88— 5 70-15 394-14 65.8 
CC WU eet eat steer Le ec a ey ee 1-6 38- 6 85-10 10- 5 66- 1 44- 4 306- 0 51.0 
eS Se a i Bc ea pe a OS 66- 8 10-10 | 45-7 5- 9 36-14 24— 6 189- 6 31.6 
DAanGdiargers cease cease eee 173-6 | 20-12} 77-3] 10-12] 40-5] 34-0] 356-6 59. 4 
Totalezetwacaaceescsen ees 492— 0 | 642- 4 | 582- 4 | 388 3 | 459- 8 | 484-14 |3,049- 1 508. 2 
Number of fruits: 
Ivory-White grade......-..-.... 180 133 419 223 277 335 | 1, 567 261 
Standardieradessseee sae cee eee eee 307 Ose 273 333 272 238 | 2,140 357 
Cullygradetsc ae Sees ee 0 0 19 193 54 36 302 76 
Grandstotalinss eee eee ee 487 850 711 749 603 609 | 4,009 668 
Sizes— 
lizandesmallerese cases: 72 583 185 360 125 221 | 1,546 258 
OG sect a Ae hace iicearors <apsy apie 24 68 86 97 108 81 464 77 
po UD As YE a ENA hse ati aca 62 75 122 49 Ue 103 488 81 
Cys MOURA A ae Re ASS Brey eed ge tye ry 76 59 102 22 99 73 431 72 
2 See RAIN A OS RN Ny a 61 38 88 12 69 43 311 52 
RINGS OB CM BU a oN A es 60 10 44 6 36 23 179 30 
Dan Guareenaceececas ese eeee 132 17 65 10 35 29 288 48 
a I i ce al ee | eres 
EO taleea eee Raman 4s7| 850! 692] 556] 549| 5731 3,707 618 
Number of seeds: | 
Ivory- White grade— 
iiDrandismiallenses jae 2 eee (2) 2 1 3 1 3 10 2.0 
GAS LASS Ny SENS Pts SEN 1 0 0 6 3 10 Heh 
24andhlarcereeeeee eee seee ee (2) 3 0 0 3 6 12 2.4 
Standard grade— 
112 and smaller.......-.-...| @ { QO. | \ 2 2 3 8 16 
0 3 5 
Ga tit Wawsie eantire DAR { ; : é \ 2 4 16 2.7 
24 and larger.....-.--------- (2) { 5 g \ 0 3 6 12 2.4 
Cull grade— 
CTU a ee CAE e celled a ae RSE (2) (2) (2) (2) 3 5 ll eee? 
(Gf NARESH pea le SAE ee ye IN oe (2) (?) (2) (?) 1 4 13 2.6 
2standilancerk see nee eee eee (?) (?) (2) (2) 2 8 14 3) 
Motalc amare: tae 0 20 | 14 i 25 | 40/106 | 2.4 


1 The excessive number of culls occurring in 1913 were due to the severe freeze of that season. 
2 Not counted. 


Descriptions of the important strains and variations from these 
strains are made in the field. Photographs of typical trees and 
fruits and their variations are obtained durmg the performance- 
record work, in order to illustrate their characteristics. All of the 
information collected in this way is brought together at the end of 
the season and classified. 


DESCRIPTIONS OF IMPORTANT STRAINS. 


The following descriptions of some of the important strains of the 
Marsh variety of grapefruit are summarized from detailed field 
observations, measurements, and studies of typical trees and fruits. 
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They are presented for the purpose of illustrating the most important 
characteristics of the strains and to furnish a basis for understanding 
and interpreting more fully than otherwise would be possible the 
tables and discussions of the behavior and value of the trees of these 
strains. 

MARSH STRAIN. 

The trees of the Marsh strain, an example of which is shown in 
Plate II, are the most productive and bear larger crops of desirable 
and valuable fruits than any of the other strains of the Marsh variety. 
Some of the trees begin producing profitable crops at about four 
years from planting and yield regularly mcreasing crops every year. 
The oldest trees of this character under observation were planted 
i 1898. Other trees of this strain have a tendency to produce large 
crops one season, followed by lighter crops the next year. Some 
few trees of this strain are habitually low producers as compared 
with the most productive trees. As arule, the most productive trees 
bear larger crops of first-grade fruits of the most valuable commer- 
cial sizes, viz, 80, 64, and 48 fruits per box, than are produced by the 
low-yielding trees. The large production of high-grade fruits from 
trees of this strain makes it particularly valuable from the commer- 
cial standpomt. The trees of this strain have a spreading habit of 
erowth. The leaves are abundant, large, elliptical, acutely pointed, 
hght green in color, and have large winged jpeidles. The trees nor- 
mally bloom in March, and the fruits ripen during the summer 
months of the following year. 

The fruits of the Marsh strain, a typical example of which is shown 
in Plate V, are oblate in shape, the stem end is usually shghtly sunken, 
and the blossom end even and flattened. This shape is best adapted 
for handling, and is also a desirable one from the consumer’s stand- 
point. The texture of skin is usually very smooth; color creamy, 
commonly called ivory white; bloom little or none; rind about one- 
quarter of an inch in thickness; color of flesh amber; number of 
sections 12 to 14; rag sparse and tender; vesicles medium in size; 
core usually open, about 1 inch in diameter; juice abundant, mildly 
acid, bursting from the fruit when cut, quality excellent, having 
desirable grapefruit flavor; seeds averaging about three per fruit, 
which condition is termed ‘‘commercially seedless.”’ 

Table I shows the detailed performance record of a representative 
tree of the Marsh strain for the year 1912 and also the summarized 
record of the same tree for the 6-year period from 1910 to 1915, 
inclusive. The record of seed content in Table I shows the small num- 
ber of seeds found in fruits of this strain, several of those examined 
being entirely seedless. 

The superior quality of the fruits of this strain is very marked. 
It apparently improves in storage under proper conditions, which 
are an even temperature of about 45° to 50° F. and about 80 to 90 
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per cent humidity. Under these conditions there is usually an 
improvement of the fine flavor and the tenderness and palatability 
of the flesh. For this reason the grapefruit season can be appre- 
ciably lengthened by holding the ripe fruits under storage condi- 
tions. Another factor of importance in this connection is that 
consumers can keep the fruits without appreciable deterioration in 
quality for considerable periods of time. 


SEEDY STRAINS. 


Two seedy strains have been found which are alike in most char- 
acteristics of tree and fruit, but which differ greatly in texture of 
rind and shape of the fruits. 

The trees of the seedy strains, an illustration of which is shown 
in Plate III, bear relatively very small crops and usually have a 
very marked alternate-season habit of bearing. The trees have a 
peculiar and characteristic drooping habit of growth, giving them 
a dwarfed appearance, which renders their determination an easy 
matter when once this condition is known. The leaves are rather 
sparse, small to medium in size, light green in color, and are usually 
narrow and very sharply pointed. 

All of the heavily seeded fruits are objectionable, and their presence 
in the regular crop tends to depreciate its value as a whole in the 
markets, in many cases lowering the price received about $1 per box. 
In addition to this direct cause of loss to the growers, the presence 
of fruits of the seedy strains impairs the reputation of the entire 
Marsh variety. 

TaBLE II.—Performance record of Marsh grapefruit tree No. 1-15-29, Rough Seedy 
strain,! showing the weight and number of fruats of each size and grade and number of 


seeds counted in detail for the season of 1912 and summarized for the 6-year period, 1910 
to 1915, inclusive. 

(The summarized 6-year record illustrates the method of assembling the data of successive seasons for 
careful comparison andstudy. The weights aregiven in pounds and ounces, except that the 6-year 
totals and the averages are expressed decimally inpounds. This treeis listed in rank 25 of Table III J 


DETAILED RECORD FOR THE SEASON OF 1912. 


Fruits. Seeds.2 
Ivory-White 
Sizes of fruits. grade. Standard grade, Cull grade. Total. Tyone | Seana: 
i wears Reis ny paired = Ujeel paleaeel we ae 
: um- : Num- : um- ‘ um-/| grade. | grade. 
Weight. boa Weight. Gon Weight. non Weight. Hert gt 
Lbs. 02 Lbs. 02. Lbs. 02 Lbs. 0z 
112 and smaller...... 0-11 1 Cio bat (eet! bal pager a eal ae 1- 53 30 
sdebe deco eeeeeness 0-0 0 3- 4 4h tore cera opal ste eereas 3- 4 A oo scee oleae 
SOSos.cccceceeee nee ee 0- 0 0 9-11 WR Seco se ece| se seer 9-1 by Oy eas eee 
{REN 3 3-14 4| 7-10 Stel eb atlas HEIs ple 66 { Pa 
AR erie ts) ch chatocietnesl eae 1-14 2 6-15 Uh eccece cml deoteule 8-13 el ees es ees 
SON e cisin'a ceoe eaten 3- 2 3 16- 9 Taal ieee ieaptaeagh Te os 19-11 18). Sohn eee 
24 and larger.....-.- 1S OU AG TONS: seu | ie es Neo alee 100-11] 73 63 { ie 
Motalheeceenens 21- 9 20 133- 7 LOD: Se come Sel Siacce e 155- 0 129 182 229 
Grand totals 2356 .ceoee cs dace ote | ae Saeats 3-5 4| 158-5 133 411 


1 NoTEs.—Date: May 11, 1912. Poor shape; thick-skinned fruits. Seeds of cull fruits not counted. 
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Tasie I1.—Performance record of Marsh grapefruit tree No. 1-15-29, etc.—Continued. 


SUMMARIZED RECORD FOR SIx SEASONS. 


Grades and sizes. 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | Total. as 
Weight of fruits: | Lbs. oz. |Lbs.0z. |Lbs.0z. |Lbs.02z. |Lbs. oz. |Lbs. oz. | Lbs. 02. 
Ivory-White grade. ..--....-.--- 22-12 | 137-2} 21-9] 24-9| 88-4] 44-10] 338-14 56.5 
Standard tgrades!222.25.2--242%1-- | 3 6 | 219-10 | 183- 7 | 160- 0 | 122- 5 | 113- 7 | 752-3 125.4 
Cull prade ss sees 2 oe sc oe ae | 0-0 0-0 3- 5| 53> 8 1-7] 25-10} 83-14 13.9 
Grand totaleees no... | 26- 2 | 356-12 | 158- 5 | 238- 0 | 212- 1 | 193-11 |1,174-15| 195.8 
Sizes— | | 
ii2iandismallene ees se sees = | 0-0] 98 8 1-6] 113-0} 20-0] 16-8} 249-6 41.6 
OG aa coral SL Sa cle 6-0; 57-11 3-4] 39-4] 18-14 9- 6 | 128-7 21.4 
SOEUR EE ee at es 0-14} 59-8 9-11 14-6] 27-3] 19-14} 131-8 21.9 
Oy ee ee Ne ae ates eee eee 1-14} 49-12] 11- 8 9-15 | 32-14] 14-11 | 120-10 20.1 
ZNO eh ae Os Rep Se a | 1-0) 47-9 8-13 6-2) 29-7] 17-5] 110-4 18.4 
BRAS ae eee RU AE Day A SN pea ame ates |} 2-1) 23-8} 19-11 1-14) 22-9] 13-1] 82-12 13.8 
2Aran duane eh waseeeeeeeee coe 20-5 | 20- 4} 100-11 0-0| 59-10} 67-4 | 268- 2 44.7 
MOtaleeeielee sees eaters cas 26- 2 | 356-12 | 155-0 | 184 9 | 210- 9 | 158- 1 |1,091-1 181.9 
Number of fruits: 
Ivory-White grade.............. 18 152 20 40 95 43 368 61 
Standard grade...........-......- | 2 244 109 267 132 101 855 143 
Cilio adele eae ee ene bie cease 0 0 4 116 3 33 156 26 
Grand totale es [ein mes oon lemmas) (1) 493) (eli 230i | e177 | 1,379 | 230 
Sizes— | 
li Mandismeallersesseee soe oe | 0 134 2 209 29 22 396 66 
OG ee ee eee eon hawelee| 0 65 4 58 24 11 162 27 
SOM ea AER OR ERE Phe Re 1 64 11 19 32 21 148 25 
aye i lata es ke 2 50 12 12 36 14 126 21 
AAA RAM OTE hte | 1 45 9 7) 29 16 107 18 
ye Sonne Bae Sas FOr eee | 2 21 18 2 21 11 75 12 
24vandWlargere--45sc0-52-2e 14 17 73 0 56 49 209 35 
MOGAIO As ase ee ees es wis 20 396 129 307 227 144 | 1,223 204 
Number of seeds: | 
Ivory-W hite grade— 
112 and smaller.............. (2) 53 53 29 57 56 248 49.6 
GAs habia dels ae a Eee | 47 66 43 58 60} 274] 54.8 
Aland Anges seas - vs Jacl acme ; (2) 50 63 (2) 66 52 231 57.8 
Standard grade— 
il2andisimallers...-..ssssee5 (2) 44 30 39 36 64 183 45.8 
57 3 
PU es a ae Sie { git 43 seit 44] 30] 50] 260] 52.0 
24 and larger.........2-+2-0-- Ot & BY © 45 52 | 2568 |) 5tse 
Cull grade— 
H2 and smailer: .--225- 22.552 (2) (2) (2) (2) 58 58 190 47.5 
(iy SS re ee a Seat ee oar (2) (2) (2) (2) (2) 41 120 49.0 
DAVAN GALE EL Gar-2 Sees ee eee (2) (2) (2) (2) (2) 65 171 56.7 
otal? easel eee ee 156 345 411 155 359 507 1,933 | 50.9 


1 The excessive number of culls occurring in 1913 were due to the severe freeze of that season. 
2 Not counted. 


ROUGH SEEDY STRAIN. 


‘The fruits of the Rough Seedy strain, an illustration of which 
is shown in Plate VI, are globular, with the stem end somewhat 
sunken in a cuplike depression, while the blossom end is also slightly 
sunken or depressed. The skin is usually coarse in texture and has 
a dull yellow color, both of which conditions lessen the commercial 
value of the fruit. The rind is usually about half an inch thick; 
color of flesh, straw; number of sections 12 to 14; rag usually coarse 
and unpalatable; vesicles long and large; core usually open, about 
13 inches in diameter; juice usually abundant in quantity, strongly 
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acid, flavor poor, quality very inferior; seeds very large, averaging 
about 50 per fruit. The great number of seeds found in each fruit 
is distinctly detrimental to the commercial value of this strain. 
Table II shows the detailed performance record of a representa- 
tive tree of the Rough Seedy strain for the year 1912 and also the 


summarized record of the same tree for the 6-year period from 1910 * 


to 1915, inclusive. These records, in comparison with those from 
the tree of the Marsh strain presented in Table I, show the relatively 
small crops of trees of the Rough Seedy strain and the very high 
seed content of the fruits of that strain. The trees whose records 
are shown in Tables I and II grew near each other in the same plat. 


SMOOTH SEEDY STRAIN. 


The fruits of the Smooth Seedy strain, an illustration of which 
is shown in Plate VII, have a flattened shape, smooth texture, and 
ivory-white color of rind. Entire trees of this strain have been 


found, and individual fruits and limbs bearing several fruits of this - 


strain are frequently found on trees of the Rough Seedy strain. 
These fruits are very similar in outward appearance to those of the 


Marsh strain, but they usually have about the same number of seeds . 


as typical fruits of the Rough Seedy strain, and-their characteristics 
of flesh and juice are similar to those of that strain. Such fruits are 
so nearly like those of the Marsh strain that it is frequently impossible 
to sort them out of the general crop, even by the most careful in- 
spection. For this reason, in orchards where trees of this Smooth 
Seedy strain are found it is especially important to top-work such 
trees, using select buds from the Marsh strain. 


ROUGH STRAIN. 


The production of trees of the rough strain is lower than that 
of trees of the Marsh strain, and the fruits are of inferior commercial 
quality. The habit of growth of the trees is usually erect, and the 
vigor of growth is greater than that of the trees of other strains 
of the variety. An abnormal number of branches of unusually 
vigorous growth, commonly called suckers, are produced by these 
trees. These branches usually grow very erect and are irregular in 
their habits of fruiting. The leaves are very large and usually 
somewhat sharply pointed and have large winged petioles. 

The fruits, an illustration of which is shown in Plate VIII, are 
globular in shape; size large; skin rough, coarse; color dull yellowish; 
rind about half an inch thick; rag abundant, bitter; juice scant, 
lacking in flavor and of inferior quality, and commercially seedless. 
The fruits of this strain usually ripen later than those of the Marsh 
strain, even when borne on different branches of the same tree. 


= 
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Fic. 1.—SIDE ViEW, SHOWING THE FLATTENED SHAPE AND SMOOTH SKIN CHARAC- 
TERISTIC OF FRUITS OF THIS STRAIN. (NINE-TENTHS NATURAL SIZE.) 


a 


P'6592—HP 


Fia. 2.—CRross SECTION OF THE SAME FRUIT, SHOWING THE THIN RIND AND FEW SEEDS 
CHARACTERISTIC OF FRUITS OF THIS STRAIN. (THREE-FOURTHS NATURAL SIZE.) 


A TYPICAL FRUIT OF THE MARSH STRAIN OF THE MARSH 
GRAPEFRUIT. 
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st) 


P9384—HP 


Fic. 1.—SIDE VIEW, SHOWING THE CHARACTERISTIC SHAPE AND APPEAR- 
ANCE OF THE FRUITS OF THIS STRAIN. (TWO-THIRDS NATURAL SIZE.) 


P9385—HP 


FiG. 2.—CRoss SECTION OF THE SAME FRUIT, SHOWING THE THICKNESS OF RIND 
AND HEAVILY SEEDED CHARACTER OF THIS FRUIT. (TWO-THIRDS NATURAL SIZE.) 


A TYPICAL: FRUIT, OF THE ROUGH “SEEDY “STRAIN OF thE 
MARSH GRAPEFRUIT. 
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Fia. 1.—SIDE VIEW, SHOWING THE CHARACTERISTIC SHAPE AND APPEARANCE 
OF THE FRUITS OF THIS STRAIN. THREE-FOURTHS NATURAL SIZE. ) 


PT EAP hg, 
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Fic. 2.—Cross SECTION OF THE SAME FRUIT, SHOWING THE THICKNESS OF RIND 
AND HEAVILY SEEDED CHARACTER OF THE FRUITS OF THIS STRAIN. (THREE- 
FOURTHS NATURAL SIZE.) 


A TYPICAL FRUIT OF THE SMOOTH SEEDY STRAIN OF THE MARSH 
GRAPEFRUIT. ; 
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A TYPICAL FRUIT OF THE ROUGH STRAIN OF THE MARSH GRAPEFRUIT, SHOWING ITS 
CHARACTERISTIC SHAPE AND APPEARANCE. 


(Three-fourths natural size.) 
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P9032—HP 
Fia. 1.—SIDE VIEW, SHOWING THE PYRIFORM SHAPE AND DEEPLY FLUTED 
AND RIDGED CHARACTER OF THE FRUITS OF THIS STRAIN. (SEVEN-TENTHS 
NATURAL SIZE.) 


w 
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Fic. 2.—Cross SECTION OF THE SAME FRUIT, SHOWING THE THICKNESS OF 
THE RIND AND THE CORE CHARACTERISTICS OF THE FRUITS OF THIS STRAIN. 
(SEVEN-TENTHS NATURAL SIZE.) 


A RIBBED FRUIT, A STRIKING VARIATION OF THE MARSH 
GRAPEFRUIT VARIETY. 


Bul. 697, U. S. Dept. of Agriculture. PLATE X. 
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Fic. 1.—SIDE VIEW, SHOWING THE SHAPE AND CORRUGATED APPEARANCE OF 
THE FRUITS OF THIS STRAIN. (THREE-FOURTHS NATURAL SIZE.) 


P9018—-HP 


Fic.:2.—Cross SECTION OF THE SAME FRUIT, SHOWING THE THICKNESS OF 
THE RIND AND OTHER CHARACTERISTICS. (THREE-FOURTHS NATURAL SIZE.) 


A TYPICAL FRUIT OF THE CORRUGATED STRAIN OF THE 
MARSH GRAPEFRUIT. 
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BELL STRAIN. 


The trees of the Bell strain of the Marsh grapefruit, like those of 
the Rough strain, are usually more vigorous and less productive than 
those of the true Marsh strain. Sucker growth is very abundant 
in trees of the Bell strain, giving them an erect habit of growth. The 
foliage is dense and the leaves are large and sharply pointed. The 
fruits resemble closely those of the Rough strain, except in shape. 
They are somewhat pyriform and constricted toward the stem end, 
giving them a bell-shaped appearance. 

In addition to the trees bearing fruits having these general charac- 
teristics as a whole, “off-bloom” fruits, developed from flowers 
blooming out of the regular season, frequently show a marked resem- 
blance to those of the Bell strain. As a rule these fruits are of 
inferior quality. They do not develop as much sugar or as good 
flavor as those of the Marsh strain, no matter how long they are 
allowed to remain on the trees, and they are very undesirable from 
every standpoint. ha 

Trees bearing a large proportion of fruits of this Bell strain, or 
those showing a tendency toward the production of fruits of this 
character, should be eliminated by top-working, and should be care- 
fully avoided in the selection of bud wood for propagation. 


ALTERNATE-BEARING STRAIN. 


The trees of the Alternate-Bearing strain may be divided into two 
groups, those bearing fruits with a large number of seeds and those 
whose fruits are commercially seedless. Several performance-record 
trees, showing a marked tendency to alternate bearing previous to 
the freeze of 1913, were so affected by the freeze that their production 
was lowered and their normal habits of production interfered with 
for the time being. These trees, at this time, four years after the 
freeze, Show a tendency to an increase in production with a return 
of their alternate-bearing characteristic. 

The important group of trees in the Alternate-Bearing strain is 
that which resembles closely the Marsh strain except in the charac- 
teristic of regularity of production. In habit of growth and foliage 
characteristics, these trees, so far as observed, can not be distinguished 
from trees of the Marsh strain. The fruits, except as to number or 
time of bearing, are so like those of the Marsh strain as to be indis- 
tinguishable from them on the basis of our present knowledge of 
their characteristics. 

; UNPRODUCTIVE STRAIN. 

A smaller proportion of trees of the Unproductive strain has been 
found in the performance-record plats of grapefruit than has been 
found in studies of a similar nature with the Washington Navel and 
Valencia varieties of orange, or of the Eureka and Lisbon varieties 
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of lemon. This condition may be due, in part at least, te the more 
recent introduction of the Marsh variety and the comparatively 
small amount of propagation of it, so that only afew bud generations 
have been available for observation. Recent commercial propaga- 
tions of this variety have been. made, as a rule, with the use of buds 
selected from trees of the Marsh strain and for the most part by the 
use of fruit-bearing buds, which explains the presence of only a small 
number of trees of the undesirable strains. 

The trees of the Unproductive strain, and the fruits borne by them, 
are similar to those of the Marsh strain, except that the trees usually 
bear relatively fewer first-grade valuable fruits and show a marked 
alternate-season bearing habit. 


INFREQUENT FRUIT VARIATIONS. 


Fruits possessing many minor variations of interest and of some 
importance have been borne by the performance-record trees in 
addition to the important strains already described. These varia- 
tions have not been found as frequently as has been the case in the 
other citrus varieties in the performance-record plats. Fruits are 
occasionally found that, from outside appearance, more nearly 
resemble oranges than grapefruits. Some of these variable fruits 
resemble in flesh and juice characteristics combinations of some of 
the qualities of oranges, tangerines, and grapefruits. 

Another variation occasionally met with is the ribbed fruit, an 
illustration of which is shown in Plate IX. In this case the fruit is 
usually bell shaped and the peel has regular longitudinal ridges and 
depressions, giving it a ribbed or fluted appearance. The rind 
is usually thick, the rag is rather coarse and bitter, the juice is 
abundant but of inferior flavor and quality, and the fruits are com- 
mercially seedless. These fruits are probably worthless for com- 
mercial purposes. 3 

Fruits having raised or sunken sections, or both, are of rather 
frequent occurrence, particularly on trees of the Seedy and Rough 
strains. 

Several fruits having well-developed navels have been found 
among the fruits on the performance-record trees. In some cases 
they were absolutely seediess, while in other instances the fruits 
contained several seeds. So far, no branch or tree has been found 
bearing only navel grapefruits. No attempt has been made as yet 
to isolate a strain of navel grapefruits through bud selection, although 
it seems probable that this can be done. The presence of a navel 
in the seedless grapefruit, other things being equal, would likely be a 
disadvantage except as a distinctive mark for the variety. 

Occasional limbs bearing absolutely seedless fruits have been 
observed in the performance-record trees. Other limbs have been 
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found in these trees bearing fruits all of which were heavily seeded. 
Frequently individual fruits, either seedless or heavily seeded, are 
found in trees of the Marsh strain. However, seedless fruits occur 
much more frequently than heavily seeded ones. 

In trees of the Rough Seedy strain, smooth, flattened, geatlless 

ruits characteristic of the Marsh strain have been found. The 
occurrence of the typical Marsh fruits in the trees of the Rough 
Seedy strain is as much of a variation as the occurrence of ribbed 
fruits in trees of the Marsh strain. 

In a few cases limbs have been found in trees of the Marsh strain 
bearing several bell-shaped, corrugated fruits with thick rinds, as 
illustrated in Plate X. These fruits are produced from flowers 
which bloom during the normal period and are not the result of flowers 
developed out of the regular blooming period. 

Many other variations in fruits of the Marsh variety of grapefruit 
have been observed, but are apparently of less importance than the 
ones cited in the foregoing paragraphs. The studies of these fruits 
and their relation to bud variation and bud selection are being con- 
tinued with the object of securing definite and reliable information 
concerning their characteristics. 


SEASONAL FLUCTUATIONS IN PRODUCTION. 


The influence of extreme tlimatic conditions upon the behavior 
of grapefruit trees, while less marked than in the case of orange and 
lemon varieties, is, nevertheless, of importance in considering the 
performance records of the individual trees in these investigations. 
For instance, the severe freeze during the winter of 1913 upset the 
behavior of these trees to some extent for the two following seasons. 
One effect of the freeze was to kill much of the tender fruit-bearing 
wood. Naturally the loss was greater in the productive than in the 
unproductive trees. The loss of this wood and the time required for 
the tree to repair the injury resulted in a reduction of the yield for the 
following seasons. 

Continued dry winds, with a very low condition of relative humidity, 
sometimes increase the transpiration from the trees beyond the wilt- 
ing point. The evaporation of soil moisture is also increased to an 
abnormal degree at such times, thus reducing the moisture available 
for use by the trees. Such conditions check the development of 
fruit-bearing wood and influence the amount, texture, and appear- 
ance of the rind and size of the fruits. If these dry winds occur 
during the blooming period, or shortly following that time, an 
unusual drop of flowers or young fruits occurs, so much so in some 
cases as to materially reduce the yield of the trees. 

In the selection of parent trees for propagation on the basis of 
their performance records, it is necessary to take into account any 
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unusual climatic or other conditions which may have occurred 
during the period of study. Of course during long periods of observa- 
tion the effect of occasional extreme conditions is largely overcome, 
so that the records become more nearly an absolute guide. 


PRESENTATION OF DATA. 


The tables and diagrams here presented are prepared from the 
performance records of Marsh grapefruit trees in two plats, one of 
25 trees planted in 1898 and the other of 52 trees planted in 1903. 
For convenient reference in the following discussion these plats will 
be designated A and B, respectively. These records cover the six 
years from 1910 to 1915, inclusive. However, the culls were not 
recorded in 1910 or 1911, so that the data shown for the fruit of that 
grade represent conditions during four seasons only. In these 
plats there are representative trees of five of the six recognized 
important strains of the Marsh variety. In plat A, the older trees, 
there are 19 trees of the Marsh strain, 5 of the Seedy strains, and 1. 
of the Rough strain. In plat B there are 40 trees of the Marsh strain, 
9 of the Alternate-Bearing strain, and 3 of the Unproductive strain. 
These plats are both located as solid blocks of trees in larger com- 
mercial plantings. It is interesting to note that only 76 per cent 
and 76.9 per cent, respectively, of trees of the Marsh strain were 
found in the two plats, and approximately the same proportions of 
typical Marsh trees are found in the two orchards as a whole. 
The performance records, descriptions, and illustrations from 

photographs here presented only partially indicate the character- 
istics of the various strains. The trees and fruits must be seen and 
studied personally before their true differences can be fully appre- 
ciated and the importance of these variations in commercial fruit 
growing really understood. On this account the determination 
of trees from which to secure bud wood for propagation should not 
be made entirely on the basis of the performance records of the 
trees. The most reliable selection will be made by a comparative 
study in the orchard of the performance records of the trees, the 
habits of growth and appearance of the trees, and the character of the 
fruit on the trees. Such a selection can be intelligently made only 
by some one who, through close study and observation of the trees 
themselves, has gained an intimate knowledge of the interrelation 
of tree characteristics and crop production. 

In Tables III and IV are presented the individual-tree perform- 
ance records of all the trees in the investigational plats on which 
data have been secured for the 6-year period. These show the 
production by weight and number of fruits of each grade and size 
for each year and the average annual production for the 6-year 
period both by grades and sizes. The basis of ranking the trees in 
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these tables is their average total annual production expressed in 
pounds, without regard to the quality or uniformity of the fruit. 
This arbitrary basis is adopted only because of the impracticability 
of working out a system to show the actual relative commercial 

value of each individual tree; hence, the order in which the trees _ 

are here listed is not always an indication of their true value, either 
as fruit producers or as sources of desirable bud wood for propaga- 
tion. 

In expressing the averages of weights in these tables only one 
decimal place has been retained, and in the figures showing the 
averages of the number of fruits occurring in different groups no 
decimal has been retained except where the average is less than 
unity; hence, it will be found that the totals of averages will some- 
times vary slightly from the average of the totals of the correspond- 
ing numbers. 

Cull fruits were not recorded for the years 1910 and 1911, hence 
the average production of that grade is not strictly comparable 
with the averages of the other grades, and the total of the averages 
of the three grades is not equivalent to the average of the total crops. 

Because it is impracticable to assort the culls by sizes, the fruits 
listed by sizes under the heading ‘‘Total crop”’ represent only the 
total commercial crops, being equal to the total crop exclusive of 
the culls. | 

In determining the seed content of fruits on the different trees, 
counts are made, when possible, of the seeds in a small, a medium, 
and a large fruit of each of the three grades. In this way a record is 
secured of the actual number of seeds in nine fruits from each tree, 
yearly, and it is thought that this system gives a fairly accurate indi- 

) cation of the relative seediness of the fruits of the different trees. 
Counts were not made on plat B until 1912, and no determinations 
were made in the Cull grade on either plat until 1914. In 1910, only 
one fruit of the Ivory-White grade and two fruits of the Standard 
gerade were used for this purpose. In 1911 and 1912, three fruits from 
the Ivory-White grade and six from the Standard grade were used, 
and in 1913 three from both the Ivory-White and Standard grades 
were cut. In 1914 and 1915, three fruits from each of the three grades 
were examined, when possible. The general average for each year 
is secured on the basis of the actual number of fruits examined and 
not from an average of the averages of the different grades. No 
record of the occurrence of variable fruits was made until 1912. 
The increase in the number of such fruits recorded during recent 
years is due to the fact that the observers have gradually become 
familiar with additional variable forms. Practically all the variable 
fruits recorded are of minor importance, such as those with ridges, 
raised or sunken sections, or creases. 
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BUD VARIATION IN THE MARSH GRAPEFRUIT. 
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Because, as already stated, it is almost impossible, on the basis of 
penioumnames records alone, to make an intelligent estimate of the 
relative value of different trees in any group, except of those which 
vary greatly in the amount of their production, no discussion of that 
nature will be attempted here. The records of the individual trees 
are presented to show the variations that occur between them. Con- 
clusions of relative values are limited to comparisons of the various 
strains and the groups of highest and lowest producing trees in the 
two plats. 
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Fig. 1.—Average annual total crop and the production by the two commercial grades from the individual 
trees in the investigational performance-record plat A of Marsh grapefruit in a grove planted in 1898, 
being a summary of data secured during the 6-year period, 1910 to 1915, inclusive. 


In order to show more clearly the relative variations in production 
that occur in the crops from the individual trees, figures 1 and 2 are 
presented, showing graphically the average total annual production 
of each tree and the production of the two commercial grades. The 
trees are ranked in these diagrams in the same order as in Table III. 
While the average production of the 25 trees in plat A, shown in 
figure 1, varies from 528.1 to 195.8 pounds, 17 of them, or 68 per 
cent, are seen to be within the comparatively uniform range of 430.9 
to 337 pounds. The five lowest producing trees in this Ble are all 
of the Seedy strain. The trees in plat B, recorded in figure 2, are 
younger than those in plat A, hence The average Peodae nan is 


much lower. Their range of variation is from 240.1 to 79.3 pounds. 
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However, 42 of them, or 80.8 per cent, are within the comparatively 


uniform limits between 186.8 and 117.8 pounds. The three lowest 
producing trees in this plat are of the Unproductive strain. 

Table IV shows the proportions of first-grade fruit in the crops of 
each tree in the investigational plats during the 6-year period, 1910 
to 1915, inclusive, and the percentages of variable fruits which were 
recorded from each tree during the four years, 1912 to 1915, inclusive. 


TasBLeE IV.—Average annual production of the individual Marsh grapefruit trees in 
investigational plats A and B, for which detailed performance records were obtained 
for the 6-year period, 1910 to 1915, inclusive. 


(The strain to which each tree belongs is shown by abbreviations as follows: AB= Alternate Bearing, M= 
Marsh, R= Rough, RS= Rough Seedy, SS=Smooth Seedy, U= Unproductive.] 


INVESTIGATIONAL PLAT A, PLANTED IN 1898. 


Average annual pro- Average annual pro- 
duction. duction. 
ie la By las 
Strain. Sie Strain. Sesleaie 
ge | ee se | &e 
= 
: 5G) Sas A) ES g : AS Gansta g 
[o) ~~ 3) he =) ° » oO o aod | 
: Zi qs! 2 | Mo |) eq . Z, t= OP OM OLS 
a 2 SN El apt 1 as Bee 2 Se Ga |) Bis 
=I S i) 3 ‘z BRO a S o a a 
csi ba = Cu as) Pah iS 5 A=1 af 
e B Se lL a fey ys e 2 estan et a ey i iss 
Per | Per Per | Per 
Lbs cent. | cent. Lbs cent. | cent. 
I Wile cossecel) TeV See ets 492.0 I Osis ach Ee eee 1-16-29 | 363.9 | 444 | 53.0] 0.39 
BY Wier sasedall USGSsil (| Z80LO) 1) Seo 1 SEO is 70) Wess Pe ee Ao) ety GU coal Gy. -Al 
a] | ad Lege es 3 1-15-30 | 426.4 | 559 | 50.6 | .45 || 16 | M..-.-.....] 1-17-81 | 351.5 | 400 | 61.2] 1.00 
4) M........] 1-16-30 | 414.3 | 518 | 54.8] .19 |} 17 | M...-....| 1-17-82 | 342.8 | 430 |} 58.6 -41 
5 | M........| 1-15-31 | 409.2] 540 | 42.9) .19 |} 18 | M........| 1-16-33 | 337.0 | 408 | 51.1 -3l 
Gn Mee = 17=30)514045'6) || 4828 5086) |) 20 1) 19) sae eee 1-15-82 | 289.5 | 415 | 47.3 - 60 
Tagless 1=145325) 404.5 | 53h 455.5) 9 33) 11) 20) Mee nese oe 1-18-33) 272) 44 373. 5945 - 40 
Sal Meee e | 14233 139385 ° 1507) 49294 520 QI RS 2 2 5222|)- 1-14-29) |) 24052.) 288) 152255 - 61 
Oy} Wes seescell) TERE ISIE O: }) Zee |) GSS Si) 1 Od RIS ae ee 1-14-31 | 232.8 | 274 | 24.2 1.00 
TOR PME oes 1=17-33. | 391-9'| 508 | 57-6 |. 20 || 23 | SS....-..- 1-18-31 | 222.4 | 248 | 49.3 . 20 
fy Meee I= 18=29) 1 38200 40 | 6a 8) |) 5501/24.) RSSe essa) 115-83) | 214.9) )| 267 | 2652 75 
12) |) Wl Sse Scsat TICES PH pees is ZOO SRE Oi) Sodas |] 4G) IRISo ee ae 1-15-29 | 195.8 | 230 | 28.9 87 
ISEEMaaee es 1-18-32 | 377.1 | 447 | 56.4] .17 
INVESTIGATIONAL PLAT B, PLANTED IN THE AUTUMN OF 1903. 
1 | M.......-| 23-59-13 | 240.1 | 299 | 65.9 | 0.33 || 27 | M........] 23-59-10 | 156.5 |. 182 | 71.3 | 0.41 
De Mie eee DIE HOT I23e7. 1 20d) | O20 Le 24 28) Albus e ee 23-62-13 | 153.3 | 191 | 68.0 . 26 
Sal Meee a 23-59-11 | 21353) 258 | 6701 39 || 29 | M........| 23-61-15 | 152.7 | 180 | 74.7 - 00 
4} M.......-] 23-61-13 | 210.3 | 242 | 68.0 52H noOy Mise eseceelb2o—O2—1i | lola On LION O2s3 tie) 
lee eS HOI Giie203s081 2560) Sie ONl oO || ol I Albee eee. 23-61-19 | 151.4 } 193 | 61.7 52 
6 | M.......-]| 23-60-12 | 199.2 | 229 | 65.8 | .66 |] 32 | M.__....-] 23-63-20 | 143.6 | 177 | 70.8 sl 
7 | M......-.| 23-59-15 | 186.8 | 224 | 66.2] .34 || 33 | M...-...-| 23-60-18 | 141.8 | 168 | 62.2 . 74 
8 | M........} 23-61-21 | 184.2 | 228 | 63.8] .66 || 34 | M..-......] 23-61-16 | 141.5 | 168} 68.1] 2.68 
9 | M........| 23-61-20 | 182.7 | 230 | 60.8] .65 || 85 | M........| 23-60-13 | 140.1 | 163 | 63.9 . 46 
10 | M........| 23-61-11 | 182.6 | 234 | 66.0] ~21 || 36 | M.-.......| 23-63-18 | 189.3 | 156 | 73.8 - 48 
Ad et as Dee as W—Os=2h | IStsG 220 OOL4y) S45u | Sle Meee eee 23-60-17 | 138.9 | 164 } 64.3 - 46 
12 | M..-.....| 23-60-11 | 179.0 | 203 | 68.9 | .86 || 38 | M...-..-.}| 23-62-20 | 138.5 | 168 | 55.1 . 89 
13 | M........| 23-60— 9 | 175.1 | 217 | 67.4 | 1.04 |} 39 | M........] 23-62-12 | 135.6 | 170 | 69.9 . 59 
14 | M........| 23-62-16 | 174.5 | 214 | 66.0] .58 || 40 | AB_...... 23-59-12 | 135.1 | 174 | 62.9 | 1.01 
Wor [oe eres 23-60— 8 | 173.1 | 207 | 68.4 | .12 || 41 | M...-....} 23-61-12 | 134.9 | 160 | 66.5 -47 
16 | M........| 238-59—- 7 | 171.9 | 204 | 67.3 | 1.35 || 42 | M........| 23-62-18 | 131.1 | 146 | 69.9 | 1.20 
TOS Pe beeper 23-63-15 | 170.3 | 218 | 61.6 | .23 || 48 | M........| 23-59- 6 | 126.7 | 148 | 64.2 . 34 
USAieA Bee ot as 23-62-22 | 166.4 | 212 | 65.6 | .59 || 44 | M........| 23-63-23 | 125.1 | 156 | 60.5 . 64 
19 p|GAB ees f2 23-61-18 | 162.9 | 213 | 58.4] .23.|| 45 | M........ 23-62-19 | 121.9 | 148 | 68.1 | 1.35 
DOE Meee en 25—60—-10) ilGl..7) el OG Gb. 2n) Zo) |l,46n | Alba sence e 23-63-22 | 119.5 | 154 | 58.7 - 00 
21 | M.....-.-..} 23-59- 8 | 161.5 | 194 | 72.4 | .77 || 47 | M..-.-.....| 23-63-16 | 117.8 | 149 | 66.3 . 84 
ODI AINE code 23-61-14 | 159.8 | 194 | 74.4] .90 || 48 | M._..-.....| 23-65-19 | 117.8 | 144 | 64.0 . 87 
axe) HY ba ees BE 23-62-21 | 159.8 | 196 | 65.4 |] .77 || 49 | M...-....| 23-63-19 | 112.6 | 136 | 73.0 18 
AM IVT eS 23-59-14 | 159.7 | 190 | 65.8 | .39 || 50 | U_...-.... 23-63-25 | 101.2 | 118 | 68.8 aA 
Dn AME yo Je 23=62=1 5 el Satu LOS M250 |e epbon || ole) mW mene eee 23-60-14 | 88.5 | 106 | 64.3 -47 
On AGE mente 23=D9= Ge lelodenle | OGH| GiGi ae2On log WUlwen ese 23-60-15 | 79.3 | 94 | 66.0 aoe 


1 These data relating to variable fruits cover only four years, 1912 to 1915, inclusive. 
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In Table V and the corresponding diagrams, figures 3 and 4, the 
trees in the two performance-record plats are grouped by strains, 
and the average annual production of the individuals of each group 
is expressed. Groups are included which comprise the five highest 
producing and the five lowest producing trees irrespective of their 
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P20930HP 
Fig. 3.—Average annual crop of the individual trees of the different strains of Marsh grapefruit occurring 


in the investigational performance-record plat A in a grove planted in 1898, being a summary of data 
for the 6-year period, 1910 to 1915, inclusive, except that the data relating to culls covers only the 4- 
year period, 1912 to 1915, inclusive. 


strain, and it is worthy of note that the trees showing the highest 
production in both plats are all of the Marsh strain. The average 
production of the trees of the Marsh strain is shown to be greater 
than the average for any other strain in the same plat. The crop of 
the one tree of the Rough strain in plat A can not fairly be considered 
comparable to the averages shown for the other strains. 
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P20919HP 
Fig. 4.—Average annual crop of the individual trees of the different strains of Marsh grapefruit occurring 
in the investigational performance-record plat B in a grove planted in the fall of 1903, being a summary 
of data for the 6-year period 1910 to 1915, inclusive, except that the data relating to culls covers only the 
4-year period, 1912 to 1915, inclusive. 


Figures 5 and 6 show the average annual proportions of fruit of the 
different grades in the crops of the trees of the various strains occur- 
ring in the investigational performance-record plats, based on the 
average weights of the crops for the six years, 1910 to 19165, inclusive. 
Figure 5 shows that in plat A the highest proportion of fruit of the 
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first grade was produced by the trees of the Marsh strain, and this 
strain also bears the best quality fruit. The low proportion of first- 
grade fruit produced by the trees of the Rough Seedy strain was very 
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Fic. 5.—Average annual proportions of fruit of the different commercial grades in the crops of the trees 


of the various strains of Marsh grapefruit occurring in the investigational performance-record plat A in 
a grove planted in 1898. The percentages are based on the average weights of the crops for the 6-year 
period, 1910 to 1915, inclusive, except that the data regarding culls cover only the 4-year period, 1912 to 
1915, inclusive. 


noticeable. Figure 6 shows that in plat B there was practically no 


difference between the trees of the different strains in their propor- 
tions of fruit of the different grades. 
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Fic. 6.—Average annual proportions of fruit of the different commercial grades in the crops of the trees 


of the various strains of Marsh grapefruit occurring in the investigational performance-record plat B in 
a grove planted in the fall of 1903. The percentages are based on the average weights of the crops for 
the 6-year period, 1910 to 1915, inclusive, except that the data relating to culls cover only the year 
period, 1912 to 1915, inclusive. 


TaBLE V.—Average total annual crop per tree of the different strains of Marsh grape- 


fruit in investigational plats A and B, showing production by grades of fruit for the 
6-year period, 1910 to 1915, inclusive. 


Average annual production. 


Num- 
Description of trees. ber of} Total crop. First grade. Second grade. Cull grade.! 
TTC CGS |e eS 
. Num- : Num- . Num- : Num- 
Weight.) per, | Weight.) po, |Weight. | per. |Weisht. | per 
Investigational plat A: 
Highest producing (all Lbs. Lbs. Lbs. Lbs. 

Marsh strain)...-....--- 5 441.8 565 216.1 251 206. 3 268 29.1 70 
Rough strain...........-- 1 404.5 531 184.2 225 204. 1 269 24.3 55 
Manshistrainbes sera. ee 19 381. 2 474 203. 9 225 158. 5 203 28. 2 70 
Rough Seedy strain... -.-- 4 22382 265 56. 2 64 141.5 156 38. 2 68 
Lowest producing......-- 5 223.0 261 66. 9 73 132.2 146 35.9 64 
Smooth Seedy strain....-- 1 222. 4 248 109.7 111 95. 0 105 26. 6 48 

Investigational plat B: 
Highest producing (all 

Marsh strain)..-......-- 5 218.2 263 140.3 158 69.7 86 12.3 23 
Marsh strain...........--- 1» 40 161.6 195 106. 7 120 49.5 62 8.0 20 
Alternate-Bearing strain..|.~ 9 151.5 191 99. 7 116 46. 4 61 8.0 20 
Lowest producing.......- 5 99.9 119 67.3 75 28.8 3 5.6 14 
Unproductive strain. ..--. 3 89.7 106 59.6 65 26.8 32 5.0 13 


1 These data relating to cull fruits cover only four years, 1912 to 1915, inclusive. 
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Figures 7 and 8 show the average number of seeds per fruit pro- 
duced by trees of the different straims in the performance-record plats. 
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Fic. 7—Average number of seeds per fruit found on trees of various strains of Marsh grapefruit in the 
investigational performance-record plat A in a grove planted in 1898, being a summary of the data 
secured during the 6-year period, 1910 to 1915, inclusive. 


These data indicate that the most productive and most desiranle 7 
strains and groups of trees bear fruit with the least number of seed. 
The high seed con- | 


font of the truis of AVERAGE NUMBER OF SEEDS PER FRUIT 
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character found in Fic, 8.—Average number of seeds per fruit found on trees of various 

strains of Marsh grapefruit in the investigational performance 
the total crops of the record plat B in a grove planted in the fall of 1903, being a 
trees of the various summary of the data secured during the 4-year period, 1912 to 1915, 


strains in the per- inclusive. 

formance-record plats. Practically all of these fruits were forms of 
P y 

minor importance. 


Figures 11 and 
12 show the aver- 
age production by 
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P20925HP 
Fic. 9.—Percentage of variable fruits found om trees of various fo rmance-recor d 
strains of the Marsh grapefruitin the investigational performance- : : 
record plat A in a grove planted in 1898, being a summary of plats In comparison 
the data secured during the 4-year period, 1912 to 1915, inclusive. with the corre- 


sponding yields of the five lowest producing trees of these plats, 
respectively. These summaries are for the 6-year period, 1910 to 
1915, inclusive, except that the data relating to culls cover only the 
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four years, 1912 to 1915, inclusive. Figure 11 shows that the heaviest 
producing trees in plat A also bore the largest proportion of fruit of 
the most desirable sizes and of the Ivory-White (or first) grade. The 
data in figure 12 show 


,that in plat B there VARIABLE FRUITS PER CENT BY NUMBER 
>was very little differ- 


3 UNPRODUCTIVE STRAIN 0.39 EE 
ence between the 
heaviest and lowest °2 A47£AVATE BEARING STRAIN 044 
producing trees with 5 4QWEST PRODUCING 0.46 
respect to these same S A/GHEST, PRODUCING | 0.57 a 
characters. 40 MARSH STRAIN 0.64 


In figures 13 and 14 


oe shown the eo Fig. 10.—Percentage of variable fruits found on trees of various 
number of fruits of the strains of the Marsh grapefruit in the investigational performance- 
various commercial record plat B in a grove planted in the fall of 1903, being a 

: : summary of the data secured during the 4-year period, 1912 to 1915, 
sizes produced during 


inclusive. 
the 6-year period, 1910 
to 1915, inclusive, by the five highest yielding and the five lowest 
yielding trees in the two performance-record plats. This production 
is expressed in percentages of a packed box for the fruit of each size. 
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P20931HP 
Fig. 11.—Average annual production by commercial sizes and grades from the five highest and the five 
lowest producing Marsh grapefruit trees, irrespective of strain, in the investigational performance- 
record plat A in a grove planted in 1898. The figuresindicate the proportion of each size and grade to 
the total crop, calculated from their weights during the 6-year period, 1910 to 1915, inclusive, except that 
the datarelating to culis cover only the 4-year period, 1912 to 1915, inclusive. 


The yield on the acre basis is figured at the rate of production of both 
the highest and lowest yielding trees and the actual values of those 
possible yields are given. The figures show that the highest produc- 
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ing trees bore approximately twice the crop that was borne by the 
lowest producing trees. The great difference in production from the 
trees on the two plats is largely accounted for by the difference in the 
ages of the trees. The difference in the value of the crops from the 
highest and lowest producing trees serves to emphasize the desira- 
bility of propagating only from trees with known records of heavy and 
valuable production. 
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P20923HP 
Fic. 12.— Average annual production by commercial sizes and grades from the five highest and the five 
lowest producing Marsh grapefruit trees, irrespective of strain, in the investigational performance- 
record plat B in a grove planted in the fall of 1903. ‘The figures indicate the proportion oi each size 
and grade to the total crop, calculated from their weights during the 6-year period, 1910 to 1915, 
inclusive, except that the data relating to culls cover only the 4-year period, 1912 to 1915, inclusive. 


COMPARATIVE VALUE OF THE STRAINS. 


The Marsh is the most productive and most valuable strain within 
the Marsh variety. The flattened shape of the fruits, the smooth 
texture and waxy-white color of the rind, the abundance of juice 
of high flavor and fine quality, the commercially seedless condition of 
the fruits, and other characteristics, all combine to make them 
of superior value. The regular, heavy production of the trees under 
favorable conditions makes this strain one of the most stable and 
profitable of any of the citrus fruits in California. The increasing 
price paid for ripe fruits of this strain in many important markets 
during recent years is proof of their superior value. It would seem 
advisable to eliminate all other strains and varieties and grow only 
the Marsh strain in all commercial grapefruit orchards in California. 

The seedy strains are undesirable, and the presence of even occa- 
sional fruits of this character in the crops is detrimental to the repu- 
tation of the variety. Because the fruits of the Smooth Seedy strain 
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are similar in appearance to those of the Marsh strain, but heavily 
seeded, the only safe way to eliminate such fruits is by top-working 
the trees of the seedy strains, using for this purpose buds selected 
from desirable trees of the Marsh strain. 
" Where fruits of undesirable strains are borne on particular limbs 
4m trees of the Marsh strain, they can be eliminated by cutting out 
those limbs. An examination of the trees before picking will reveal 
the presence of any limbs bearing poor or undesirable fruits. 

The Alternate-Bearing strain is usually not as valuable as the 
regular-bearing Marsh strain. In order to stabilize and standardize 
the grapefruit industry, regularity of production must be secured. 
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Fig. 13.—Average number of fruits of the various commercial sizes produced annually during the 6-year 
period 1910 to 1915, inclusive, by the five highest and the five lowest yielding trees of Marsh grapefruit in 
the investigational performance-record plat A in a grove planted in 1898. This production is expressed 
as percentages of a packed box calculated from the number of fruits of the different sizes contained in 
a box. The percentage of most desirable sizes is also stated, and the production on the acre basis is 
shown and its value calculated from the actual returns received for the fruit from this grove during the 
6-year period. 


The advisability of eliminating from established orchards trees having 
an alternate-season habit of production will depend on the amount 
of this production over a period of several years. If the production 
of the Alternate-Bearing trees is such as to be profitable, there is 
some question as to the desirability of top-working old established 
trees of this strain. If, however, the production of these Alternate- 
Bearing trees is unprofitable, there is no question but that they should 
either be removed and replaced by young trees of the Marsh strain, 
or, preferably, top-worked with buds selected from heavy bearing 
trees of the Marsh strain. Such trees, however, should never be 
used as parent trees from which to take propagating wood, no matter 
what their aggregate production may be. 
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Trees of the Bell, Rough, and Unproductive strains are all undesir- 
able from the commercial standpoint, and should be eliminated in 
bearing orchards and avoided for propagation, except perhaps for 
purely experimental purposes. Fortunately, there are but few trees 
of these strains in most of the established California orchards of the 
Marsh variety, so that their elimination is a comparatively simple 
and inexpensive matter. 

It is probable that by means of individual-tree records in bearing 
orchards covering two years most of the trees of inferior strains can 
be located, so that they can be top-worked with select buds of the 
Marsh strain. 
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Fig. 14.—Average number of fruits of the various commercial sizes produced annually during the 6-year 
period, 1910 to 1915, inclusive, by the five highest and the five lowest yielding trees of Marsh grapefruit 
in the investigational performance-record plat B in a grove planted in the fall of 1903. This production 
is expressed as percentages of 2 packed box calculated from the number of fruits of the different sizes 
contained in a box. The percentage of most desirable sizes is also stated, and the production on the 
acre basis is shown and its value calculated from the actualreturns received for the fruit from this grove 
during the 6-year period. 


THE UNINTENTIONAL PROPAGATION OF UNDESIRABLE STRAINS. 


The trees of undesirable strains in established orchards have been 
propagated unintentionally through a lack of careful selection of 
bud wood. Heretofore, all trees of the variety have been con- 
sidered to be equally good for propagation, and little or no selection 
of trees or bud wood has been practiced. 

As an illustration of this condition, the experience of the senior 
writer in 1910, in the first grapefruit orchard selected for individual- 
tree performance-record work, may be cited. In this orchard, as 
soon as the owner found that the seedy fruits were mainly borne by 
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certain trees he decided to top-work those trees with select buds 
from trees of the Marsh strain. The senior writer was asked to select 
several desirable trees of this strain as sources of bud wood. Five 
trees were selected for this purpose and the bud wood was cut by 
men. having had long experience in securing bud wood for propaga- 
vion. After several hours’ work one of these men approached the 
senior writer, who was working in the investigational performance- 
record plat near by, and said that they had been unable to obtain 
enough bud wood from the five trees originally selected for this 
purpose. He explained that, in order to secure an adequate supply, 
they had cut some bud wood from a neighboring tree. He was 
asked whether they had examined any of the fruits from this sixth 
tree, and he replied, ‘‘No, we never cut any fruits, but the tree looks 
just as good as the other five trees.”’ 

A doubt as to whether or not the additional tree was a desirable one 
led to an inspection of itsfruits. The first fruit cut was found to con- 
tain more than 100 seeds. The production of this tree was low and 
the fruits of very inferior quality. Further examination showed that 
this tree was a typical representative of the Seedy strain, the very 
strain, infact, which the workmen were preparing to eliminate by 
top-working. Inasmuch as the bud wood from the seedless and the 
seedy trees had been mixed together in the bundle of bud sticks, it 
was necessary to secure an entirely new lot of buds from other trees 
of the Marsh strain. It is interesting to note that the 118 trees of 
the Seedy strain top-worked in that orchard at that time have now 
all come into fruiting, and without exception the fruits borne by the 
growth from the buds of the Marsh strain are all commercially seedless 
and have the valuable characteristics of the fruits borne by the trees 
from which the buds were taken. 

It can easily be seen from this experience how trees of the undesir- 
able strains in established orchards of Marsh grapefruit have been 
unintentionally propagated under the old system of cutting bud wood. 
This experience also offers effective evidence of the need of great 
care in bud selection, which can be most accurately accomplished 
through the use of individual-tree performance records and definite 
tree knowledge. | 


THE ISOLATION OF STRAINS THROUGH BUD SELECTION. 


The results of the propagation work in these investigations have 
proved beyond a reasonable doubt that the Marsh strain of grape- 
fruit can be established and maintained through the careful selec- 
tion of bud wood from select trees of the Marsh strain. In the 
course of these investigations many propagations have been made 
from select Marsh strain trees. Several commercial orchards have 
been propagated in this way. So far as these trees have come into 
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fruiting they have all proved to be of the Marsh strain. In other 
words, an improved Marsh strain has been isolated and established 
and brought into fruiting. The trees of this improved strain are 
very uniform and their production is of the best grade and quality. 
Variation within the strain has been reduced through bud selection. 
and from the commercial standpoint it has been eliminated. Doubt. 
less further improvement in this strain can be effocted through 
further bud selection in succeeding bud generations, and experiments 
of this character are now under way. The most important step, 
however, the establishment of a superior strain, has been effected. 
Owing to a lack of opportunity, no attempt has yet been made to 
isolate an inferior strain, except in the case of the seedy strains. 
A limited propagation of this commercially worthless strain has been 
made experimentally and has shown that it, too, can be isolated and 
established by the selection of buds from trees persistently bearing 
fruits of this character. There is every reason to believe that the 
other strains can be similarly established, and in an experimental 
way this work is now being done. Such propagations are of no 
commercial value except that they further illustrate and demonstrate 
the importance of careful bud selection in the propagation of the 
variety. 

Owing to the fact that the commercial grapefruit industry in Cali- 
fornia is still in its infancy, the careful selection of buds from trees of 
the Marsh strain for all future propagations will likely result, through- 
out the State as a whole, in the development of trees of a uniform 
character and the production of crops of proved quality and value, 
an achievement unequaled in the history of any other citrus variety 
now grown commercially. 


TCP-WORKING UNDESIRABLE TREES. 


Healthy trees of undesirable strains can be successfully top-worked 
and replaced by the valuable Marsh strain through the use of buds 
selected from trees of that strain. This operation has been success- 
fully performed on trees 12 years old. Doubtless older trees can be 
as successfully top-worked by the use of similar methods. 

The selection of trees of the Seedy, Bell, and Rough strains for 
rebudding can usually be based on an inspection of the fruits. In 
the case of trees of the Alternate-Bearing and the Unproductive 
strains their selection should be based on performance records for 
two or more seasons, preferably an even number. 

Two or more of the main lmbs of the trees to be top-worked 
should be used as foundations for the new trees. All branches 
interfering with the work of budding should be cut away. ‘The select 
buds should be inserted in the limbs, two or more in each, about 12 
inches from the trunk of the tree. After the buds have united with 
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the limbs in which they were inserted the limbs should be cut off 
about 6 inches above the buds, and the cut surfaces should be coated 
with grafting wax. The tree trunks and all portions of the limbs 
left after the tops have been removed should be coated heavily with 
whitewash or other protective material, in order to prevent possible 
injuries due to sunburn and exposure. 

From time to time all growth except that from the select. buds 
should be carefully removed; otherwise portions of the new tree 
heads will be made up of sprouts from the old limbs. In some cases 
the tender growth from the select buds may be attacked by insect 
pests, in which event the insects must be promptly killed or removed. 
It is a good plan to protect this growth during its first exposure to 
winter weather by means of bundles of grass, cornstalks, or other 
suitable material. 

After one season’s growth of the select buds the stubs of the origi- 
nal limbs should be cut off just above the buds, making the cuts 
oblique in order to facilitate their healng. The cut surface should 
be covered with grafting wax or some other protective material, in 
order to prevent decay and promote the healing of the wound. 

Careful attention should be given the rebudded trees for the first 
two or three years, in order to protect the new growth from undesir- 
able conditions. After that such trees will require no attention or care 
other than that given the remainder of the trees in the orchard. 


THE SELECTION OF BUD WOOD. 


Bud wood for use in top-working trees of undesirable strains, or for 
other propagation work, should be taken from the most productive, 
reoular-bearing trees of the Marsh strain. These trees should be 
selected on the basis of their performance records and the character 
and appearance of the individual trees. Fruit-bearing bud wood, 
viz, that bearing typical fruits of the kind desired, an illustration of 
which is shown in Plate XI, should be used exclusively for propaga- 
_ tion purposes. 

The bud wood should be packed in moist moss or other suitable ma- 
terial immediately after cutting, in order to preserve the buds in a 
fresh, viable condition until they are used. If the bud wood is to 
be kept for some time, it should be packed and held in a uniform, cool 
temperature. | 

Vigorous-growing, nonbearing bud wood, or that commonly known 
as sucker wood, has been, until recently, highly prized and commonly 
used for propagation purposes. Under that practice more bud wood 
was, of course, cut from trees having the most suckers than from the 
trees having the fewest suckers. It has been determined in these in- 
vestigations that the trees producing the most sucker growth usually 
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are of an undesirable strain; hence, the use of sucker wood for bud 
wood is probably directly responsible for much of the propagation of 
trees of inferior strains of the Marsh grapefruit. 


SUMMARY. 


The grapefruit industry in California, while of comparatively small® 
commercial importance at present, is growing rapidly and seems 
likely to become an important factor in the citrus production of the 
State. Many of the varieties of grapefruit first planted in California 
proved to be of inferior commercial value. The success of the in- 
dustry began with the introduction of the Marsh variety. 

The Marsh variety originated at Lakeland, Fla., and was named 
and introduced there by Mr. C. M. Marsh, of that place, about 1895. 
Previous to this date, in 1890, before the variety had become estab- 
lished in Florida, it was introduced into California by Twogood & © 
Cutter, of Riverside. 

Bud variations in the trees of the Marsh variety of grapefruit are 
of frequent occurrence, and are a great commercial handicap to the 
growers and consumers. | 

Six strains arising from bud variations have been found during 
these investigations up to the present time. 

The most valuable commercial fruits and those of the best quality 
are produced by trees of the Marsh strain. This strain only should 
be propagated for commercial purposes. 

The undesirable strains which are found in commercial plantations 
heretofore have been propagated unintentionally through a lack of 
care in bud selection. 

The Marsh strain can be established and maintained and variation 
within the strain reduced to a minimum through bud selection based 
on individual-tree performance records. 

Healthy trees of undesirable strains can be successfully top-worked 
by using select buds from trees of the Marsh strain. 

Only fruit-bearing bud wood should be used for propagation, and 
it should be selected from the most productive and otherwise most 
desirable trees. A practical method for locating such trees in com- 
mercial orchards is presented by the United States Department of 
Agriculture in Farmers’ Bulletin 794, entitled “Citrus-Fruit Im- 
provement: How to Secure and Use Tree-Performance Records.” 
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